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CIRCUIT AND METHOD Fon THE RECORDER . 
DISPLAY or HIGH-FREQUENCY PERIODIC 

_ SIGNALS 

TECHNICAL FIELD ‘ 
The present invention relates generally to a. circuit 

for the display of a high frequency periodic signal on a 
display having a maximum response frequency less than i 
the periodic signal frequency. More particularly, the 
present invention relates to a circuit for the display in 
real time of a high frequency periodic signal on a strip 
chart recorder without the need for information storage 
devices. ‘ 

BACKGROUND ART 

Monitoring electrical signal parameters such as volt 
age, current, etc. and providing a permanent record 
thereof is either a necessity or highly desirable in count 
less technical ?elds. Frequently such monitoring must 
or should preferably be done in real time as the signal 
occurs. Electromechanical recording and displaying 
devices have been designed to ?ll this need at minimal 
expense. ‘ ' ' " . 

Perhaps the least‘ expensive ‘and most readily com 
mercially available of these devices is a strip chart re 
corder. A strip chart recorder is a device in which 
paper is moved past ‘a printing mechanism, which also 
may move, for simultaneously recording one or more 
varying signals as a function of time. In many com 
monly available strip chart recorders the printing mech 
anism is at least one pen which ismechanieally moved 
transversely across the 
the same. 

Because of the inherently slow response time of such 
electromechanical mechanisms, strip chart recorders 
have a severely limited frequency response of from zero 
to at most approximately 150 Hz for nearly all commer 
cially available units. Moreover, in order to obtain suit 
ably legible waveforms at the higher frequencies within 
this limitedfrequency response range, the paper must 
move past the printing mechanism with ever increasing 

paper as the paper is moved past 
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velocity, resulting in consumption of great quantities of ‘ 
paper and requiring more frequent replacement of the 
paper source. ‘ I ' 

One solution to the limited frequency response of 
inexpensive strip chart recorders has been to record 
higher frequency input signals with an analog FM re 
corder or to utilize a computer to digitize the input 
signal for subsequent storage. The recorded input signal 
may be reproduced at a slower rate within the response 
range of the strip chart recorder. Suchsolutions require 
furtherexpensive equipment and prohibit the on-line 
recording of the input signals in real time. 
Another approach is employed'in sampling oscillo 

scopecircuits manufactured ‘by Tektronix, Inc. of Bea 
verton, Oregon and is discussed more fully in the book 
entitled Sampling Oscilloscope Circuits by John Mulvey 
and published by Tektronix, Inc. in 1970. This approach 
recognizes that, at-least in so- far as electrical signals 
originating from transducers for taking physical mea 
surements is concerned, .most such signals do not vary 
signi?cantly in successive-.periodsand that the occur 
rence or transient phenomena which-appear for only a 
single cycle is rare. Moreover, wherea transient event 
is of interest, such as in starting large motors, mechani 
cal vibration analysis or temperature measurement, its 
duration frequently lasts for several seconds, over a 
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2 
large number of cycles, and any change normally oc 
curs in the magnitude of the electrical signal, rather 
than that of the signal waveform. ‘ 

Accordingly, : the sampling oscilloscope approach 
recognized that a high frequency input signal may be 
reproduced at a‘ lower frequency without signi?cant 
loss of signal information by the repeated sampling of 
the high frequency input signal by an analog sampling 
circuit. By insuring that sampling occurs at a high repe 
tition. rate, an oscilloscope with a slowly responding 
trace may present the sampled values as a continuous 
waveform. Howeventhe analog circuitry with which 
this “scaling down’” or converting in frequency is 
achieved is both costly and complex. Moreover, as a 
result of theidiosyncracies of Oscilloscopes, consecu 
tive traces must begin their displays with the same sam 
pling point, preventing sampling and resulting in loss of 
information for the period of time during which the 
oscilloscope returns to its initial sampling point. 

-' DISCLOSURE OF INVENTION 

It is, therefore, an object of the invention to provide 
an economical circuit and method for the display of a 
high frequency periodic signal on a display having a 
maximum response frequency less than the periodic 
signal frequency. - ‘ 

It is another object of the invention to provide a 
circuit and method for the real time display of a high 
frequency periodic signal, as above, on a strip chart 
recorder without any information storage devices such 
as'tape recorders. _ 

It is still another object of the invention to provide a 
circuit and method for the display of a high frequency 
periodic signal, as above, which incorporates a simple 
digital logic circuit and a sample and hold circuit for 
converting the high frequency periodic signal to one 
capable of direct display by and accurate reproduction I 
on a strip chart recorder. 

lt-is yet another object of the invention to provide a 
circuit and method for the display of a high frequency . 
periodic signal, as above, in which the digital logic 
circuit controls the time of sampling by the sample and 
hold circuit, causing a preselectable number of samples 
to be continuously taken to produce each strip chart . 
recorder output waveform. . 
These and other objects and advantages of the pres- ‘ 

ent invention over existing prior art forms will become 
more apparent and fully understood from the following 
description in conjunction with the accompanying 
drawings. > 

In general, a circuit for the display of a high fre 
quency periodic signal on a display having a maximum 
response frequency less than the periodic signal fre 
quency includes a signal period circuit receiving the 
high frequency periodic signal and providing an output 
signal corresponding to the number of periods in the 
same, a sample and hold circuit also receiving the high 
frequency periodic signal and periodically sampling and 
holding some electrical parameter of the high frequency 
periodic'signal, the display receiving the periodically 
sampled electrical parameter, and a sampling control 
circuit counting at a frequency substantially greater 
than the frequency of the'high frequency periodic signal 
and providing an output signal corresponding to its 
present count. A comparator is provided for continu- - 
ously comparing theoutput signals from the signal per 
iod circuit and the sampling control circuit and provid 



4,213,134 
3 

ing an output signal upon the occurrence of a match 
thereof for enabling a new sample to be taken, by the 
sample and hold circuit, thereby permitting. the display 
to accurately reproduce the high frequency periodic 
signal at another frequency in a range of frequencies 
from zero up to and including themaximum response 
frequency of the display. . > 1 1 

g A method for the display of a- high frequency. peri 
odic signal on a display having a maximum response 
frequency less than the periodic signal frequency, in 
cludes the steps of counting in a signal period counter 
the number of periods in the high frequency periodic 
signal, counting in a sampling control counter at a fre 
quency substantially greater than the frequency of the 
high frequency periodic signal, ‘and comparing the 
counts in the signal period counter and the sampling 
control counter and indicating a match thereof. When a 
match count is indicated, some electrical parameter of 
the high frequency periodic signal is sampled and held 
until the next match count is indicated, thereby accu 
rately reproducing the high frequency periodic signal at 
another frequency in a range of frequencies from zero 
up to and including the maximum response frequency of 
the display. 

BRIEF‘ DESCRIPTION OF THE DRAWINGS ‘ 

FIG. 1 is a block diagram of an exemplary circuit 
according to the concept of the present invention, and 
depicts initialize and counter reset ‘circuits schemati 
cally. , 

FIG. 2 is a somewhat schematic representation of an 
arbitrarily shaped high frequency input signal voltage 
waveform on which the sampling times have been indi 
cated, and although in time coordination with the wave 
form in FIG. 2, is not otherwise necessarily to scale, or 
coordinated in time with the waveform in FIG. 4. ‘ 
FIG. 3 is a somewhat schematic representation of the 

output signal voltage waveform from the sample and 
hold circuit, and, although in time coordination with 
the waveform in FIG. 2, is not otherwise necessarily to 
scale, or coordinated in time with the waveform in FIG. 
4. , ‘ ‘ 

“FIG. 4 is a somewhat schematic representation of the 
output display voltage waveform and is not necessarily 
to scale. The waveform of FIG. 4 is depicted ‘on a much 
slower (i.e., converted or compressed) time scale than 
those of FIGS. 2 and 3. - ' 

PREFERRED EMBODIMENT FOR CARRYING 
OUT THE INVENTION . 

FIG. 1 illustrates a circuit generally indicated by‘ the 
numeral 10, which also embodies a method, for the 
display of a high frequency periodic signal on a display 
having a maximum response frequency less than the 
periodic signal frequency. Zero crossing detector and 
pulse generator 11 receives the high frequency periodic 
signal, indicated as the high frequency input signal in 
FIG. 1, and,- together with signal up counter 12, may be 
considered a signal period determining and counting 
circuit 13. ' - - . 

Zero crossing detector and pulse generator 11 may 
include any of the conventional‘ and well~known zero 
crossing detectors for providing a pulse output each 
time the high frequency input signal voltage crosses 
zero and has a slope of fixed sign (i.e., always positive or 
always negative). Provided the periodic high frequency 
input signal has only two zero crossings each cycle (one 
of positive and one of negative sign slope), zero crossing 
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4 
detector and pulse generatorvll will provide a single 
pulse output forfeach period in the high frequency input 
signal. ‘*InMthe event the high frequency input signal 
contains more than two ‘zero ' crossings during each 
cycle, or in the event some point in the period other 
than the zero crossing is desired for utilization to deter 
mine each- period,‘ other well-known circuitry may be 
utilized to generate ‘a signal‘indicative of the occurrence 
of each, period in the high frequency input signal. 

Signal-up counter 12 may be any of the conventional 
and readily commercially availableqcounters capable of 
counting either up or down from a; presettable number 
and having suitable capacity to store a count equal to 
the greatest desired number of samples to be taken dur 
ing a single period. _A 16 bit up counter, resettable to 
zero, has been found to offer sufficient capacity for most 
work throughout the audio‘v frequency spectrum and 
sufficient versatility to simplify the logic circuit con?g 
uration.vv Signal‘ counter '12 receives the pulse output 
from zero crossing detectorjand pulse generator 11 and 
is incremented from an'initial zero count each time a 
pulse, whichis indicative of the ‘occurrence of a period, 
is received. Signal up counter 12 is reset by a signal in a 
manner to be discussed hereinbelow. 

Sampling control circuit'14 is provided for control 
ling the timeat which'sarnpling of the high frequency 
inputsignal occurs, and includes sampling control clock 
15 and sampling control up counter 16. Sampling con 
trol clock 15 may be any conventional clock such as an 
astable‘multivibrator and preferably should provide a 
clock outputsignal having a clock-frequency‘substan 
tially greater than that of the, maximum permissible 
frequency of the high frequency input signal, as will be 
indicated more particularly hereinafter. For reasons to 
be explained below, sampling control up counter 16, 
which receives the clockioutput signal from sampling 
control clock 15, must have sufficient capacity to count 
to a number one greater than the greatest desired num 
berof samples. to be taken during a single period, but 
otherwise may be identical tothat of signal up counter 
12. However, because ,counters'arereadily available in 
powers of some base/number (such as base two for the 
binary logic system illustrated-herein) the counter uti 
lized for signal up counter 12 should always have suffi 
cient additional bits to permit the same type of counter 
to be utilized'for sampling control‘up counter 16. Sam 
pling controlup counter 16‘ is reset by a signal in a 
manner to be discussed hereinbelow. - 
The output count signals from both signal up counter 

12 and sampling control up counter 16 are received by 
a comparator. 17 which generates a high logic level 
output signal only when itl'detects an equal count or 
match between the count of the two counters. The 
output signal from comparator 17 is received by enable 
one-shot "18, which generates a single pulse output 
whenever comparator: 17 detects a match count and 
thereby ‘goes from a-low to a high logic level output 
signal. The pulse output from enable one-shot 18 is 
'received along with the high frequency input signal by 
sample and hold circuit 20, which samples any ‘desired 
electrical parameter (suchas voltage magnitude) of the 
high frequency input signal uponrreceipt‘ of an enable 
pulse output; provides theisampledparameter as an 
output signal and holds the'same until the next enable 
pulse output is received. ‘Comparator 17,‘ enable one 
shot 18 (also referred'to in the'ka'rt as a monostable multi 
vibrator), and‘sample and hold circuit 20 all are well 
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known devices for performing the above enumerated 
functions. 
The sampled output signal from sample and hold 

circuit 20 is received and displayed by output display 
21. Output display 21 may be any output display device 
whose response is relatively slow compared to that of 
the time between samples of the high frequency input 
signal by sample and hold circuit 20 such that the step 
wise discontinuous output signal waveform from sam 
ple and hold circuit 20 appears continuous on output 
display 21. For example, where a permanent record of 
the high frequency input signal is desired, a strip chart 
recorder may be utilized as output display 21. Because 
of the inherently slow response time of electromechani 
cal printing mechanisms such as that in a strip chart 
recorder, a new output signal will be received from 
sample and hold circuit 20 before its printing mecha 
nism will have reached a steady state value, resulting in 
the output waveform from output display 21 appearing 
continuous. 

Counter reset circuit 22 and initialize circuit 23 are 
provided to selectively reset both signal up counter 12 
and sampling control up counter 16 at the appropriate 
times as later explained herein. Counter reset circuit 22 
includes two-input AND gate 24, D-type ?ip-?ops 25 
and 26, and two-input OR gates 27 and 28. Both the 
output signal from enable one-shot 18 and one of two 
complementary output signals from initialize circuit 23 
are received by AND gate 24, whose output is con 
nected to the inverted reset terminals of both ?ip-?ops 
25 and 26. The D input to ?ip-?op 25 is connected to a 
high logic level signal of suitable voltage, for example, 
plus V volts herein. The D input to ?ip-?op 26 is con 
nected to the Q output of ?ip-?op 25. The Q output of 
?ip-?op 26 and the output signal from initialize circuit 
23 not connected to AND gate 24 are both connected to 
OR gate 27, whose output is connected to both the reset 
terminal of signal up counter 12 and one of the two 
input terminals to OR gate 28. The remaining input 
terminal of OR gate 28 is connected to the output from 
zero crossing detector and pulse generator 11, while the 
output of OR gate 28 is connected to both the reset 
terminal of sampling control up counter 16 and the 
clock terminals of both ?ip-?ops 25 and 26. 

Initialize circuit 23 includes initialize/run switch 30, 
resistors 31 and 32, and two-input NAND gates 33 and 
34. Switch 30 is a two position switch with its common 
terminal, which is connected to ground, normally main 
tained in contact with terminal 35 and momentarily 
engageable with terminal 36. A series resistor network, 
including resistors 31 and 32, is interposed between 
terminal 35, (which terminal is connected to an input of 
NAND gate 34) and terminal 36 (which terminal is 
connected to an input of NAND gate 33). The plus V 
volts high logic level signal is connected between resis 
tors 31 and 32 and maintains at a high logic level which 
ever input terminal to NAND gates 33 and 34 is not 
connected to ground through switch 30. The output 
terminals from both NAND gates 33 and 34 are con 
nected to the remaining input terminal of the other 
NAND gate (i.e., NAND gates 34 and 33, respectively). 

Initialize circuit 23 provides signals for resetting sig 
nal up counter 12 and sampling control up counter 15 
upon initial activation of circuit 10, and for permitting 
the resetting of counter reset circuit ?ip-flops 25 and 26 
during normal operation. During normal operation of 
circuit 10, switch 30 is maintained in contact with termi 
nal 35, thereby grounding an input to NAND gate 34 
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6 
and forcing the output of NAND gate 34, and an input 
to NAND gate 33, to a high logic level. Since the other 
input to NAND gate 33 will be then held at a high logic 
level by the plus V volts source through resistor 31, the 
output of NAND gate 33 will be held to a low logic 
level during normal operation. When circuit 10 is ini 
tially activated, switch 30 is momentarily disengaged ‘ 
from terminal 35 and engaged with terminal 36, momen 
tarily reversing the normal operation output logic levels 
from NAND gates 33 and 34. The precise manner by 
which these logic levels reset counters 12 and 16 and 
counter reset circuit 22 shall be denoted hereinbelow. 
Having described the construction of circuit 10 and 

the operation of some of the individual elements therein, 
an overall operational sequence may now be described. 
However, in order to more fully understand the con 
cept of and overall operational sequence for the present 
invention, it is helpful to ?rst view the waveforms de 
picted in FIGS. 2, 3 and 4 and to consider the mathe 
matical relationship between the high frequency input 
signal and the output display signal. 
FIG. 2 illustrates an exemplary continuous analog 

high frequency (and periodic) input signal. Circuit 10 
envisions sampling this high frequency input signal once 
during each period T, at successively increasing‘ inter 
vals. The intervals are increased by a constant time for 
each successive period, which may be designated by' the 
symbol “At”. It follows that the number of sampling 
points n (each having a duration of At) in each period T 
equals the number of times the interval At may be di 
vided into the period T or 

n=T/At (l) 

Returning to FIG. 2, it is seen that sampling in the 
?rst period after some arbitrarily selected zero crossing 
occurs at time At. In the second period the sampling 
occurs at time T+2At and so on until the nth period in, 
which sampling occurs at time (n- l) T+nAt. 

Recalling that the high frequency input signal is sam 
pled only once during each period T, as shown in FIG. 
3, it will therefore take sample and hold circuit 20 n 
periods T to sample a sufficient number of periods to 
accurately reproduce a single period of the high fre 
quency input signal on output display 21. Since 11 sam 
pling points will require a period of (n- l) T+nAt 
seconds, and since the frequency of any signal is equal 
to the reciprocal of its period, the frequency of the 
waveform in the output display 21, which may be re 
ferred to as the converted frequency, is 

fcanverted= l/[(n— DT'I" "A31 (2) 

Expanding the denominator and substituting equation 
(1) for n, the converted frequency is found to be 

fcanverted= At/T2 (3) 

For the purpose of an operational description of cir 
cuit 10, assume a high frequency input signal of l KHz 
(with a period T of l msec.) is to be recorded on a strip 
chart recorder. With a sampling period At of 10 usec 
(which has a frequency of 100 KHZ), the converted 
frequency for the waveform in the output display 21 is 
found from equation (3) to be 10 Hz, within the‘mechan 
ical response range of most strip chart recorders. Equa 
tion (1) indicates lOO sampling points (1 msec/lO usec), 
which at one sample per period T will take 100 periods 
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T, will be required to produce a single period on the 
strip chart recorder. 

Operationally, at the outset switch 30 is momentarily 
engaged with terminal 36 so that as previously denoted 
initialize circuit 23 momentarily provides high and low 
logic level output signals from NAND gates 33 and 34, 
respectively. The output from NAND gate 33 causes 
the output from OR gate 27 to go to a high logic level 
(resetting signal up counter 12), which in turn causes 
the output from OR gate 28 to go to a high logic level 
(resetting sampling control up counter 16). During this 
time the low logic level output from NAND gate 34 
will reset both ?ip-?ops 25‘and 26 through gate 24, 
inhibiting the clocking of ?ip-?ops 25 and 26 by the 
output of OR gate 28. 

After initialization is complete, switch 30 is returned 
to its maintained position in engagement with terminal 
35 so that, as previously described, initialize circuit 23 
provides low and high logic level output signals from 
NAND gates 33 and 34, respectively. The high logic 
level output signal from NAND gate 34 enables AND 
gate 24, thereafter permitting the resetting of the Q‘ 
outputs from both ?ip-?ops 25 and 26 to a low logic 
signal upon receipt of every output pulse from enable 
one-shot 18. 
Upon the occurrence of the ?rst zero crossing of 

positive slope in the l KHz input signal, zero crossing 
detector and pulse generator 11' provides an output 
pulse which increments signal up UP counter 12 to a 
count of one, and, through OR gate 28, resets sampling 
control up counter 16 and clocks ?ip-?ops 25 and 26. 
Since the Q output from ?ip-?op 25 was previously set 
to a low logic level and its D input is permanently con 
nected to a high logic level, the Q output from ?ip-?op 
25 will go to a high logic level while the Q output from 
?ip-?op 25 will remain at a low logic level. Sampling 
control clock 15, which controls the sampling rate and 
therefore operates at a frequency equal to the inverse of 
the desired sampling period (l/lO usec. herein or 100 
KHz) and substantially greater than that of the high 
frequency input signal, rapidly increments sampling 
control up counter 16 to a count of one. At this time, At 
seconds after the occurrence of a ?rst zero crossing, 
comparator 17 detects an equal count and provides a 
high logic level output signal to enable one-shot 18, 
which in turn generates a pulse to cause sample and 
hold circuit 20 to sample an input parameter, such as 
voltage magnitude, of the high frequency input signal 
and hold and provide the sampled value to the output 
display 21. The pulse output from enable one-shot 18 
also resets both the Q outputs from ?ip-?ops 25 and 26 
to a low logic level. 
Upon detection of the second zero crossing of posi 

tive slope in the l KHz input signal, zero crossing detec 
tor and pulse generator 11 will provide another output 
pulse incrementing signal up counter 12 to a count of 
two, and, through OR gate 28, selectively resetting 
sampling control up counter 16 and clocking ?ip-?ops 
‘25 and 26 so that their respective Q outputs go to high 
and remain at low logic levels. Next sampling control 
clock 15 rapidly increments sampling control up 
counter 16 to a count of two. At this time, T+2At 
seconds after the occurrence of the ?rst zero crossing, 
comparator 17 again detects an equal count, resulting in 
a second sampling of the high frequency input signal 
and a resetting of ?ip-?ops 25 and 26 as after the ?rst 
sampling. 
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This process will continue with the high frequency 
input signal being sampled once each period T at multi 
ples of the interval At until the period following the nth 
sampling, 101 herein. Since only 100 sampling points 
may occur in a single period in the example herein, 
before sampling control up counter 16 may be incre 
mented to a count of 101 to equal that in signal up 
counter 12, the next zero crossing of positive slope in 
the l KHZ input signal is detected and a pulse generated 
by zero crossing detector and pulse generator 11. This 
pulse, through OR gate 28, resets sampling control up 
counter before a count of 101 is reached and clocks both 
?ip-?ops 25 and 26. The Q‘outputs from flip-flops 25 
and 26 which were‘ respectively set to high and mam 
tained at low logic levels when the last zero crossing of 
positive slope was detected, will not have been reset by 
enable one-shot 18 since no match count will have been 
reached. As a result, this clocking of flip-flops 25 and 26 
will cause the Q output of flip-flop 26 to also go to a 
high logic level, simultaneously resetting signal up 
counter 12 through OR gate 27, resetting the sampling 
control up counter 16 through both OR gates 27 and 28. 
Since both counters are simultaneously reset, compara 
tor 17 immediately thereafter detects a match count 
which enables one-shot l8. One-shot 18 in turn immedi 
ately and continuously begins another series of 100 
samplings by causing sample and hold circuit 20 to 
sample the desired input parameter and by resetting 
both ?ip-?ops 25 and 26 through ‘AND gate 24. 

Disclosed herein has been a circuit for the real time 
display of a high frequency periodic signal on a display 
having a maximum response frequency less than the 
periodic signal frequency without the need for costly 
information storage devices. It should be appreciated 
that the output waveform on output display 21 will 
appear as a continuous analog signal so long as the 
sampling control clock 15 frequency remains substan 
tially greater than that of the. greatest anticipated high 
frequency input signal. However, it should be empha 
sized that the sampling control clock frequency may be 
variably adjusted to any convenient frequency which 
results in an output waveform on output display 21 
suf?ciently proportional to that of the'high frequency 
input signal to satisfy the user.. 

It should also now be understood that circuit 10 need 
not include initialize circuit 23 or the logic gates‘(AND 
gate 24 and OR gate 27) receiving its outputs in counter 
reset circuit 22. In such event, depending on the precise 
time at which circuit 10 is activated relative to the point 
in the high frequencing input signal, at most two zero 
crossings will be required before flip-flops 25 and 26 
will either be twice consecutively“ clocked so as to si 
multaneously reset both counters 12 and 16, or a match 
count detected by comparator 17, providing a pulse for 
resetting ?ip-?ops 25 and 26 and sampling control clock 
15. In the latter case, circuit 10 will begin sampling at 
some sampling point within the high frequency input 
signal. Providing initialization circuit 23 is merely a 
convenience for insuring circuit 10 begins sampling at 
the ?rst sampling point in the high frequency input 
signal. ~ 

It should also be noted that in describing the con 
struction and operation of the logic elements within 
circuit 10, the so-called “positive true logic” convention 
has been adopted. As would be recognized by a skilled 
artisan, any other circuits employing a similar or differ 
ent logic convention could be utilized to implement the 
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desired functions, and when so utilized clearly fall 
within the scope of the present invention. 
Inasmuch as the present invention is subject to many 

variations, modi?cations and changes in' detail, ~a num 
ber of which have been expressly stated herein, it is 
intended that all matter described throughout this entire 
speci?cation or shown in the accompanying drawings 
be interpreted as illustrative and not in a limiting sense. 
It should thus be evident that adevice ‘constructed 
according to the concept of: the present» invention, and 
reasonably equivalent thereto, will accomplish the ob 
jects of the present invention and otherwise-substan 
tially improve the art of displaying in real time a high 
frequency periodic signal on a display having atmaxi 
mum response frequency lessthan the’periodic signal 
frequency. ‘ ‘ ‘ ‘ ’ ' 1 

I claim: ‘ ' ‘ i 

1. A circuit for the display of a‘ high frequency peri 
odic signal on a display having a maximum response 
frequency less than the periodic signal frequency, com- ‘ 
prising: 

signal period determining means receiving 'the high 
frequency periodic signal, and providing an output 
signal corresponding to the number of periods in 
the same; 

sample and hold means also receiving the high fre 
quency periodic signal and periodically sampling 
and holding some electrical parameter of the high 
frequency periodic signal, the display receiving 
said periodically sampled electrical parameter; 

sampling control means counting at a frequency sub 
stantially greater than the frequency of the high 
frequency periodic signal, and providing an output 
signal corresponding to its present count; 

comparator means for continuously comparing said 
output signal from said signal period determining 
means and said output signal from said sampling 
control means, and providing an output signal upon 
occurrence of a match thereof for enabling a new 
sample to be taken by said sample and hold means, 
thereby permitting the display to accurately repro 
duce the high frequency periodic signal at another 
frequency in a range of frequencies from zero up to 

' and including the maximum response frequency of 
the display. 

2. A circuit, as set forth in claim 1, wherein said sam 
pling control means includes 

sampling control clock means for generating a sam 
pling control clock signal having a frequency sub 
stantially greater than that of the high frequency 
periodic signal and for controlling the number of 
samples that must be taken to accurately reproduce 
a single period of the high frequency periodic sig 
nal on the display, and sampling control counter 
means receiving the sampling control clock signal 
and counting from a preselected number each time 
a sampling control clock signal is received, and 
providing an output signal corresponding to its 
present count. 

3. A circuit, as set forth in claim 2, wherein said signal 
period determining means includes signal period 
counter means and further including counter reset 
means for selectively resetting said signal period 
counter means after a sufficient number of samples has 
been taken to accurately reproduce a single period of 
the high frequency period signal on the display and for 
selectively resetting said sampling control counter 
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means after each period in the high frequency periodic 
signal. - ' 

4. circuit, as set forth in claim 3, wherein said 
counter reset, means includes logic means for determin 
ing whether, a ‘suf?cient number of samples has been 

- taken to accurately reproduce a single period of the 
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high frequency periodic signal on the display and there- ' 
upon enablerthe simultaneous resetting of both‘said 
signal .periodtcountermeans and said sampling ‘control 
counter means.“ , 71,1,» t , -' I 

5. A circuit, as set forth ‘in ‘claim 4, wherein said logic 
,means includes ?ip-?op means ‘being clocked by, the 
said signal period determining means upon the occur 
renceof each period"in the high frequency periodic 
sig‘nal'and being reset upon the occurrence of a match 
count by‘said comparatorm'eans, said ?ip-?op means 
providing ar'i-output‘ signal for simultaneously resetting 
both said signal period counter means and said sampling 
control counter. means» following the last period re 
quired for taking a sufficient number of samples to accu 
rately reproduce a single period of the high frequency 
periodic signal on the display. 

6. A circuit, as set forth in claim 5, wherein said ?ip 
flop means includes a ?rst D-type ?ip-?op having Q 
output signal and whose input is connected to a ?xed 
logic level signal, and a second D-type ?ip-?op having 
a Q output signal whose input receives said Q output 
signal from said ?rst flip-?op, said Q output signal from 
said second ?ip-?op going to such a logic level that 
would cause simultaneous resetting of both said signal 
period counter means and said sampling control counter 
means following the last period required for taking a 
sufficient number of samples to accurately reproduce a 
single period of the high frequency period signal on the 
display, the display including a strip chart recorder and 
said electrical parameter being voltage magnitude. 

7. A circuit, as set forth in claim 6, further including 
initialize circuit means for providing to said counter 
reset means at least one output signal of a suitable logic 
level to cause said counter reset means to reset both said 
signal period counter means and said sampling control 
counter means upon initial activation of the circuit. 

8. A method for the display of a high frequency peri 
odic signal on a display having a maximum response 
frequency less than the periodic signal frequency, com 
prising the steps of: 

counting in a signal period counter the number of 
periods in the high frequency periodic signal; 

counting in a sampling control counter at a frequency 
substantially greater than the frequency of the high 
frequency periodic signal; 

comparing the counts in said signal period counter 
and said sampling control counter and indicating a 
match thereof; and 

sampling some electrical parameter of the high fre 
quency periodic signal when said match count is 
indicated and holding the same until the next said 
match count is indicated, and 

accurately reproducing the high frequency periodic 
signal at another frequency in a range of frequen 
cies from zero up to and including the maximum 
response ‘frequency of the display. 

9. A method, as set forth in claim 8, wherein said step 
of counting in a sampling control counter includes the 
steps of generating a sample control clock signal having 
a frequency substantially greater than that of the high 
frequency periodic signal for controlling the number of 
samples that must be taken to accurately reproduce a 
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single period of the high frequency periodic signal on 
the display, and counting from a preselected number 
each time a sample control clock signal is generated. 

10. A method, as set forth in claim 9, further includ 
ing the step of selectively resetting both said signal 
period counter after a sufficient number of samples has 
been taken to accurately reproduce a single period of 
the high frequency periodic signal on the display and 
said sampling control counter after each period in the 
high frequency periodic signal. . 

11. A method, as set forth in claim 10, wherein said 
step of selectively resetting includes ‘the steps of deter 
mining whether a sufficient number of samples has been 
taken to accurately reproduce a single period of the 
high frequency periodic signal on the display and there 
upon enabling the simultaneous resetting of both said 
signal period counter and said sampling control 
counter. ' 20 
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12. A method, as set forth in claim 11, wherein said 
step of determining whether a suf?cient number of 
samples has been taken includes the steps of clocking a 
plurality of flip~flops upon the occurrence of each per 
iod in the high frequency periodic signal and resetting 
said plurality of ?ip-?ops upon the indication of said 
match count, said step of simultaneously resetting both 
said signal period counter and said sampling control 
counter occurring following the last period required for 
taking a sufficient number of samples‘ to accurately 
reproduce a single period ‘of the high frequency peri 
odic signal on the display, the step of sampling some 
electrical parameter including the step of sampling a 
voltage magnitude of the high frequency periodic signal 
when said match count is indicated and holding the 
same until the next said match is indicated. 

13. A method, as set forth in claim 12, further includ 
ing the step of initially, resetting said signal period 
counter and said sampling control‘ 
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